Polyoma-transformed cells can revert in the properties characteristic of transformation, although they maintain the polyoma-specific T antigen. Transformed cells contain the same number of copies of polyoma virus deoxyribonucleic acid (DNA) per cell (eight) as revertants with a subdiploid or a subtetraploid chromosome number. The results indicate that the duplication of chromosomes in the subtetraploid revertants did not include the chromosomes that carry the viral genome. The virus DNA in both transformed and revertant cells was associated with high-molecular-weight cell DNA. Reversion of the properties of transformed cells was, therefore, not associated either with a decrease in number of virus DNA copies per cell or with a lack of association of the virus DNA with cell DNA.
One of the major problems in understanding the mechanism of carcinogenesis is to determine the genetic basis of the difference between normal and malignant transformed cells. This difference results in the ability of transformed cells to form tumors in vivo and to multiply in vitro under conditions which inhibit the multiplication of normal cells. Once these transformed properties have been hereditarily expressed, they can again be hereditarily suppressed. This has been shown, for cells transformed by either viral or nonviral carcinogens can produce variants with a reversion of the properties of transformed cells (7, 8, (12) (13) (14) (15) (16) . In cells transformed by polyoma virus or simian virus 40 (SV40), this reversion was not associated with the loss of the viral genome. The revertants from polyoma-transformed cells synthesize polyoma-specific T antigen, and virus-specific ribonucleic acid (RNA) (13) . The chromosome composition of the revertants differs from that of the transformed cells. Reversion can be associated either with a decrease in chromosome number to subdiploidy or with an increase in chromosome number to subtetraploidy (7, 8, 14) .
The present experiments were undertaken to determine whether viral deoxyribonucleic acid (DNA) is associated with high-molecular-weight DNA in the revertants, as in the transformed cells, and to determine the number of viral DNA (7, 14, 16) . The cells were used 4 days after subculture. There was no detectable mycoplasma contamination by testing the cultures on mycoplasma agar, according to the method of Chanock et al. (3) .
Isolation of labeled and unlabeled polyoma DNA I. Labeled polyoma DNA was obtained by the following procedure. Cultures of confluent mouse kidney in 100-mm petri dishes were infected with a multiplicity of 5 to 10 plaque-forming units of polyoma per cell, and incubated in phosphate-free Eagle medium, with a fourfold concentration of amino acids and vitamins, and 2% dialyzed calf serum. Twenty-four hours after infection, each culture was labeled with 1 mCi of carrier-free 32p (96 Ci/mg of P; The Radiochemical Centre, Amersham). At 48 to 72 hr after infection, the cells were harvested and polyoma DNA was selectively extracted (6) . The extracts were treated with Pronase VIRUS DNA IN REVERTANTS (SSC is 0.15 M NaCI-0.015 M sodium citrate) and layered onto a 5 to 20% alkaline sucrose gradient containing 0.5 M NaCI and 1 mm ethylenediaminetetraacetic acid, pH 12.0. The gradients were centrifuged for 90 min at 45,000 rev/min at 20 C in a Spinco SW50.1 rotor. The quickly sedimenting peak of supercoiled DNA was pooled, neutralized with 2 M NaH2PO4, and dialyzed against 0.01 X SSC, pH 7.2, and stored at -20 C. This DNA had a specific activity of at least 7.5 X 101 counts per min per Mg.
Production and purification of unlabeled polyoma virus by equilibrium centrifugation in cesium chloride density gradient was carried out as described (18) . Virus DNA I was extracted from purified virus by a procedure identical to that for labeled DNA.
Cellular DNA. DNA from whole cells propagated in tissue culture was extracted by the method of Marmur (10) with the following modification. Cell lysates were treated with 0.5 mg of Pronase per ml in the presence of 0.5% sodium dodecyl sulfate (the Pronase was preincubated for 4 hr at 37 C). The ratio of optical density at 260 to 280 nm was 1.90 or greater.
Synthesis of viral complementary RNA. Escherichia coli RNA polymerase was purified by the procedure of Chamberlin and Berg (2) . Radioactive RNA complementary to polyoma DNA component I was synthesized and purified as described by Levine et al. (9) . After precipitation in ethanol, the RNA was dissolved in 2 X SSC and passed through a Sephadex G-100 column, pre-equilibrated with 2 X SSC. The specific activity of the RNA (calculated from the specific activity of the precursor nucleotides) was 2 X 107 counts per min per Mg.
Alkaline sucrose gradient of whole cels. High-molecular-weight DNA was purified according to Sambrook et al. (17) . The gradients were fractionated from the bottom of the tubes, as modified by Manor (to be published). DNA-RNA hybridization. Hybridization was carried out according to Levine et al. (9) with the following modifications: 32P-labeled control hamster cell DNA (from H-DMNA cells), with a specific activity of 5.2 X 105 counts per min per ,ug, was added to each cellular DNA to be tested for the presence of polyoma virus genomes. This labeled DNA was used to calculate the exact amount of cellular DNA recovered on each filter after the hybridization. 32P-polyoma DNA I was added in each reconstruction experiment to correct for the specific loss of complete hybrids (polyoma DNA I-3H-cRNA) from the filters (M. Haas, M. Vogt, and R. Dulbecco, in press).
DNA was denatured by boiling in 0.01 X SSC for 15 min followed by rapid cooling. For hybridization, the mixture containing 3H-polyoma cRNA was brought to a final concentration of 2 X SSC in a volume of 0.25 ml and was incubated at 65 C for 20 hr. After hybridization, the mixture was treated in a solution with 20 MAg of pancreatic ribonuclease per ml and 10 units of T, ribonuclease per ml for 1 hr at room temperature. Each sample was then passed through a Sephadex G-100 column pre-equilibrated with 2 X SSC. Fractions (2 ml) were collected and assayed for optical density at 260 nm. The fractions of the peak corresponding to RNA-DNA hybrids were pooled, adjusted to 6 X SSC, and filtered slowly through nitrocellulose membranes (presoaked in 6 X SSC for 10 min). The filters were then washed with 150 ml of 3 X SSC at 60 C under suction filtration, dried, and counted. Under these conditions, the recovery of cellular DNA was more than 90%. Table 2) . The viral DNA equivalents per cell (eight) was, therefore, the same in the subdiploid and subtetraploid variants as in the transformed cells (Table 1) .
RESULTS
In order to obtain an estimate of the number of viral DNA equivalents in the polyoma-transformed line nearer saturation conditions, experiments were performed using 50 Mg of polyomatransformed cell DNA, instead of 100 Mg used for the experiments in Table 1 . About 0.1 Mg of cRNA almost saturated all the available polyoma DNA sites in the polyoma-transformed cell DNA (Fig.  3) . About 10-4 ,ug of cRNA was bound to the DNA filters, corresponding to about 4 viral equivalents per cell. Since a plateau was not reached in these experiments and since the specific activity of the cRNA can only be estimated from the specific activity of the precursor nucleotides, the actual number of viral copies in these cells remains underestimated in the near saturation conditions. By plotting the reciprocal of the amount of hybrid counts against the reciprocal of the cRNA input counts, the saturation level can be calculated by extrapolation of the linear curve (11) . This calculation gave about 4,000 counts/min as the saturation level. Taking 2 X 107 counts per min per Mug as the specific activity of the cRNA, this level corresponds to about 8 viral equivalents per cell. This calculated result agrees with the results of the experiments performed at nonsaturation conditions.
Association of polyoma DNA sequences with high-molecular-weight cell DNA. DNA was extracted by the Hirt procedure (6) from polyomatransformed cells and subdiploid variants 20 and 21, which have similar modal chromosome numbers as variant 1. The DNA was isolated and purified from the supernatant fluid and the pellet and was hybridized with 3H-polyoma cRNA. Viral DNA sequences were detected in both fractions G The hybridized counts have been normalized to 50 ,ug of DNA.
( Table 3 ). Since the DNA in the Hirt pellet represents 95 to 97%1' of the total cellular DNA, there were 40 to 100 times more viral-specific sequences in the pellet. The supernatant DNA had a sedimentation, in alkaline sucrose gradient, which corresponded to component II, and which presumably consisted of randomly broken DNA fragmented during the isolation procedure. This suggests that there was no detectable free virus DNA in either the transformed or the variant cells.
In order to provide direct evidence for the alkali-stable association of polyoma DNA to cell DNA, high-molecular-weight DNA was isolated from the transformed and variant cells in an alkaline sucrose gradient as described in Materials and Methods. Viral DNA was detected in the highmolecular-weight region of the gradient (Table 3) . Reconstruction experiments using mixtures of cells and polyoma DNA under these conditions showed efficient separation between the virus and cell DNA (Fig. 4) . Similar alkali-stable association has been shown previously in some SV40-transformed cell lines (5, 17 The present results of 8 equivalents of polyoma virus in the cells studied can be compared to reports of 2 to 9 viral equivalents in some SV40-transformed cells detected by DNA-RNA hybridization (9) , and 1 to 3 viral equivalents in some SV40-transformed cells detected by measuring nucleic acid reassociation kinetics (4). 10 15 Frocton No. rev/mi,i in a Spinico S W25 rotor at 4 C. Fractionis were collected from the bottom of the tubes, precipitated with 5% trichloroacetic acid and collected on,fiberglass filters (Whiatmani GF/C) for countinlg.
Our data also show that the virus DNA in both polyoma-transformed and revertant cells was associated with high-molecular-weight cell DNA, and that there was no detectable free virus DNA in these cells. These results, therefore, indicate that the reversion of properties of transformed cells was not associated either with a decrease in the number of virus DNA equivalents per cell nor with a lack of association of the virus DNA with the cell DNA.
